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Abstract

The structured state-space sequence model (S4) is a re-
cent innovation in sequence modeling that has shown ex-
cellent performance in handling long-range dependencies
across a variety of tasks and modalities. In the field of
speech processing, it has been found to be an alternative to
the self-attention model in automatic speech recognition and
in speech synthesis. In this study, a new model for synthe-
sizing binaural speech is developed that represents the long
relationship between mono speech using S4 and the latent
state space between speaker and source location informa-
tion. Each layer is conditioned with information common
to both left and right sides of the speech, which is processed
by location, binaural time difference, and pre-trained binau-
ral speech. Compared to conventional methods, our model
shows that speech synthesis is possible with similar quality.
These results indicate that our model has the potential to
extend the applicability of S4 in sequence modeling and into

the domain of conditional speech synthesis.
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2y b= ADANE (&,7) TH B, &ML LT,
(@, view, Tapg) AV T 4 ¥ aF—0OANT 2, &, &y &,
EBINAER (x) EAE (view) Z HOMEETIC L D ZiR
ENnd, y=(y,y) & n P ITLOEIEROE/) ILE
Az € RN ¥, FHL YV 2 F—MoOMF2RNE p 235 %
Lzt &, ZOEBIRD XS ICRENS !

(wi(n),yr(n)) = f(z(n),p) (14)
CZT .y ty BRY ok b, fRRADIERT R



=LV =TI A= INEHERERT, £ N
4 —=FNEBRDEE% 14y = mean(y;,y,) LEHRT 5, N
47— ZVEROEINIFEBIE yy, v BRI DT, HAiE
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ZZT ps = (a, Py, 2) BEEETRENZZRINEEZ KL,
Po = (Go, @ys @os Q) 1 EV A F =D L BFRAOHOM E 2R T
IF—R=F U ERT, VRAF—ZHEHIELTED, BERDFR
RIHELTWS EIRET 2, ZOMR. #ll (ps,py,p.) 1%
NENIEMH,. HAM. EAAEZERT, 2512, VAF—0DLEHE
CEEHOZEMNEL 202 plistn £ Pristn &5 Do

EEOEORMMNERZEEZRZ 272012, Bl )V AF—0DE
BEEERB LI Y RIRXR N I RFIETHEIAX MY v
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p(n) =n—C-|[|psre(n) — prsm(n)| (15)
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&n) = ([p(n)1=p(n)-2 o)) +(p(n) = Lp(n) ])- 2o (16)
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& (31,8,) LRRLEZNG, UL, ZOHKIEF—F 1 O
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(79 77— (T, H) 2= (7, 2T (7-p.2)
ZIZT, pl& TSV YA RT, q BRAXRITTE S —
VY UBH SIS B IRERCH 2. ERTIET—) ¥
TH A ABPAETHETOWTHRAE L TW 3,
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N—=ADNA ) —=F)VF =T 4 FEERI NS ) =T
FA—F a4 ABO L2 (=21 v F) i, Zhik220E8
M O2ERNZBEE OB ZHEST 2, 2. RKiFHRE: 75>
F b o= EREINIZNS ) — T ILE R ORI D F3iE
M (MAE), O, ERINEEORIED FH X
ZEHES %, 3. MRSTFT #47 | ZHEMEERKMNY -V =
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6.2 RBAR

BinauralS4 & 7 V% FHii$ 2 72 D12, K& 72 E T AMEKT
FEEREAT o7z BRI, BR2L 4 v —# (6. 8. 16) &
BT =P A X (2, 4) TEEEITo T, SHEIZOW
T, Jr—&xty FTEFAERIBL, TRAFF—&XEy b
TZOWRERFG L 7z FHii. 7R FT %ty PORY
VTN OWT, N —=FERLERINIZ AL ) =L
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BMAERTRTOV Y IV TEHL., SEEORKIHER a7 %
872, B, LAY =D T NI A XEEZ LI ENE
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K1 BRIA2LAY—HTOFMFERERLTWS, E
BHRER» S, LAY eI e T RICETVOMRE
W LT 52 e PERIN, Rz, SBET VI L2 #HEL
MRSTFT A2 ICBVW TR IRWERFIFR L. Zh s OB
BU 2 REREREERZEM Lz. —H. 16 HETFVINMHZED
HECBOWTHEERMREM EEZR LIz, N ) =Tt —F 4
AR BIT 2 MEBROBEIIEFICEETH S, LiL,
LA ¥ =B ORI S MR FIIZRASH D FEDL A
Y—HBEBX 2 EEOR ENEITH ISR 2 Z e AHESh
J2o Flol LAY —REENT AT —=Y FRRDK
TN L e RiC, =¥ A4 ZEEEL/ET LR

Rl LAY BOBEVC KD MEROEN
Layers L2(x1073) Amplitude Phase MRSTFT

6 0.121 0.033 0.901 1.663
8 0.119 0.032 0.901 1.626
16 0.121 0.032 0.858 1.687

R2IWWRT TP A XE, =2 —FhFy bU—=2IZBIF3
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. AR~y TOEBRITTEHIRT 2 DI En 3,
BRIk, =B, ERShizT 4 Y R4 X (-
AP A R) NORBOBRKE &K7—V ¥ 2) FEHE (F
BHF— ) REEHL. ZORREROBEANLELET, 5
EDEFILTIE. 6 4RTIKEMENIZEHDART LD X
ST 220 a kD, EFAZE—H AR
R#e X D ARIcHi L. FHEAHZES L, BYEO Y R
IR TE S, ARRTIE. T—1P A4 ZDBVHBET LD
MREIC G R 2 BRI L/ze T— NI A XEEEHT B 21
D, EFLDXRYUH T TORENED D, Ry L
TR ORENCHEER 52 5, /NEWT =P 4 &

THLICED MpWREERIET 2 Z L AT S, —TF
TREWT—H 4 X3 & D KB Re it 205, il
TIEMOENEL AR D 2, K 2 1TR8 S5 LS

F£2 TP A XOENT K BPEREDE N
Pool L2(x107%) Amplitude Phase MRSTFT
2 0.121 0.032 0.851 1.747
4 0.121 0.032 0.858 1.687

B, T NI A XEFETZT, XTIy r
RRICAE T 2 RERR /) 4 XOBRBICERI L. FITERITTORHY
FHICBW TR E L2 Z e 2R TE % (K 5),

X5 Pool¥ 4 RX4DET
NTERLIZEFRDARY
[N =E74 VN

X6 Pool¥4RX2DEF
IVTHERLIZERDARY
R =E78 N

#3 EFMZ X BMREDEWN

Models L2(x1073) Amp Phase MRSTFT
DSP 0.725 0.060 1.584 2.140
Warpnet 0.144 0.036 0.804 1.755
BinauralGrad 0.129 0.030 0.837 1.282
Ours 0.121 0.032  0.851 1.747

2 LT, BinauralS4 €7/ TR TOFEIEETHE L
AERER L. Pool fH%E RiF7z 16 BE FIDHREDEHER E
L. EDELSIBVET BRI LD BuANAL ) —F Lt —
T4 A ERBEICORPE I ERLTVS, ORI, 2
RFEDMERDETLERL AL FERERTE S 2L 2R
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YaroBE, HREELAEI R FDOANS VA BEETRET
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FRC K BERERANA 7 — 5 L EEORIEEMKEETE D2 E 6
NCEDESREEREZ 2 EMIAET %, R3IIRTED.
FaoETME, L2 8E RIE. MHCBWTHAEET AT
» % BinauralGrad X b dENMREZ R L7z, BEIKRRNCIE,
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12 0.881 TH Y. BinauralGrad ET /L% KEL ER-72, L
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BinauralGrad @ 1.251 &£ D & EWiRZEDNH 5,

INSDFERNS, P -V TR ORELH IS
ATH, BEDETNMIIEH AL ) —FLEFEOEBITB W



T, —EOMEREZHMER L. RIBERFBIGRZ RN EE T 5
W TER, Fh HEDOHEFIBWTIREREZR EXE S
ZEDTED I EWRENT,

Rd PL—=VIF=REPFIILTHERLEET ML B R
Models L2(x1073) Amp Phase MRSTFT

BinauralGrad 0.142 0.037  1.080 1.251
Ours 0.126 0.032 0.881 1.750
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